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Soedinenllf pp* 148*’l63 

Studie* in the Field of Or««nophoephoriie Ineeeticidee 
T, A, NestrTukove 

(Inetitute for Hetero-Orfenlc CoapouadSt Moscow V 

The present study wss carried out in the laboratory of orfano- 
phoaphorus coapounds under the direction of the Corrsspondinc Meaber 
of the Acadeay N.Z.Kabachaik. The studies in the field of insecticides 
were begun in 1952 and at first had a nonsysteaatic character, but 
froa 1953 And especially froa 1954 nuaerous (i^anophosphorus coapounds 
were synthesised in our laboratory with tbs purpose of obtaining new 

insecticides* Z, 

In 1953 there was established a constant contact with V*1*B«M* 
of V.A.S.Kh.H.I.L. where the tests of insecticidal properties of 
coapounds were aade* This contact was exprosssd not only by the trabsfer 
of substances for tests but also, and this was wory iaportant, in a 
systeaAtic discusshon with the workers of V*I.Z*R* - D,M,Faikin, 
H.P.Shabanora and V.N.Gaaper - of the results of the tests and neans 
of preparing new actiwe coapounds* A sinilarly friendly contact we 
were able to establish with the repreeentatixes of the cheaical 
industry. S. L, Varsharskii and 1* V* Preobraahenskays aided in aany ways 
the successful coapletion of the present work* Fart of the work was 
carried out in the laboratory of rinyl coapounds of the Institute of 
Organic Cheoistry of the Acadeay of Sciences (M.F.Shostakowskii, 
E.N.PrilezhavTs) and in ths laboratory for organic synthesis of V.M.I.I.V* 
M*F.T*8h*F* (V.M.Odnoraloya)* 

In order to hare a possibility of selection aaong ths uncountable 
nuaber of eni sting and possible organic substances of a definite and 
necessarily United nuaber of objects for the tests, it is nocsssary 
to be guided by sene working hypothesis which peraits one to carry 
out such a selection consciously and with aia* 

In our studies we used the rather well accepted working hypothesis 
concerning the inhibition of cholinesterase as the canso of the toxic 
action of organophosphorus insecticides and concerning the acylating 
action of organophosphorus insecticides on the cholinestefase of insects 
as ths chsttlcal aschanlM of this inhibition# 

Insofar as at this tine it is probbble (l) that the object of phos- 
phorylation in this ensyae is the hydroxyl group of serins which enters 
the polypeptide chain of its aolecules, the working hypothesis was 
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r« filled in that tha halaeti#n van aada aaoM orcanaphasphartia eaapanada 
which ara aapabla af phaapkarylatlnff tha aleahalie hpdraxjl cramp havlnc 
aoaa notieaahla b«t «aak aeidlc propartiaa. Bmeh arfanaphaapharaa eoapouads 
may be tha anhydrldaa af acid aatara af phaaphama aeida, aeid halidaa, i 
aubataacaa aiallar ta aald halldaa but naatalaiaf, la tha aalaeala, aoaa 
paeudohaloid fraupa inataad af tha halafaaa, and, fiaallp, aautral aatara 
of acida of phoapharua la which oaa of tha alkyl crampa would earraapond 
aufficiantly wall ta aa aeidie aleahal, tiaea tha acid halida aad tha 
anhydride -|larivatiTaa af acida af phoapharua, aa wall aa phoapharua 
eatera of phanola, to which ana uay aaaifn, without atratchinc tha point, i 
•one functiona of uixad anhydridaa, htra l>aan alraady atudiad in datail j 
and are boinc intanairaly atudiad in othar labaratariaa, wa oouoantratad 
our attention on tha dariwatiwaa af acida af phoapharua i*iah hawa 
raaiduaa of auffioiaatly acidic alcahola or aarcaptaaa, 

further, wa rafinad aur workinf hypothaaia in tha aaaaa that wa 
realisad tha nacaaaary pro aa a aa in tha aalacula af aa affaatiwa inaact- 
icida of a cartaia optima aaauat of tha phaapharylatiac propartiaa. 
Orcanophoaphorua coapaunda with aharply diaplayad phaapharylatiac action 
aa for inatanca dialkyl chlarophoaphataa, naturally cannot ba aufficiaatly 

aelectiTO acanta ainca thay would ahow thair ^oapharylatinc action with 

« 

any aubatrata of tha arcaniaut unapacific prataiaa, carbahydrataa and, 
finally, water. Such aubataacaa would ba rary rapidly dataxifiad in tha 
orcaniaa aad would not roach thaaa vitally iaportaat aahtara, tha phaaphor> I 
ylrtion of which would ba the coaaaquanhif fallawiac tasia affect. On 
the othar hand aubataacaa haviac hut faabla ^oapharylatiac propartiaa 
auch a a neutral aatara af phaaphoric ar thiaphaapharia acida, althouch 
able to roach tha nacaaaary racaptara without larca laaaaa, would ba 
able to react than with tha latter aa alawly, if at all, that no action 
would reault. 

Therafora in tha procaaa af aynthatic aaarchaa, whan wa found a 
poorly physiolocically actiwa aubatanca, an aa inaactlcida, with weak 
phoephorylatinc propartiaa (alow hydrolyaia, raactiaua with aleohola, 
aalnea), wa alone alone the path of auch a ehaaca in tha atructura of 
the aoleaulo aa to atrancthan thaaa propartiaa. Convaraaly, if an 
inaufflciently active (aa an inaactlcida) aubatanca tuma out to be 
a food phoephorylatinc acant, we want alone the route af auch a chance 
of Ita atructura which wpuld yield aa aaalac idiich would ba laaa active. 

The above ahown principlaa ware naturally net adhered to vary flmly. 

The cheeical diatlnction batwaen the true cholinaataraaa, the inactiv- 
ation of which aaaurea tha poiaoninc of warn blooded aninala, and the 
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p»«udo-choliM»t«ra»* mr thm immct ehollMStaraM x» pax** -o* elaar. 

We know too littla ab««i ilia •achaaia* af tasla aatiaa ia 4afaa4 with 
coapleta coafidaaea aa tlia aaaaptad vorkiaf ky^atkaaia. RaMwar, by 
beini: Kuidad by thaaa yriaalylas wa built ia Raaaral liaaa tba plaaa 
for our ayathoaaa aad auM paaitiwa raaulta idiich ua abtaiaad uara too 

Mycteaatie to ba puraly tba work af ebaaea* 

Many lltaratura data parait ua to eaaeluda tbat.tbara ia aaaaa ia 
searches ia tha araa af tbiapbaaphata eaapauada. Tba lattar ara dia- 
tlnKuishad from tbair axyfaa aaalaga by lawar tasiaity ta uara blaodad 
aniaala with praaarTatiaa af tba affactiua prapartiaa la raapaet to 
the inaacta. 

In ordai to rua tba ayatbaaaa af aubataaaaa uitb rariaua atructuraa 
it waa naeaaaary firat af all ta dawalap raaaaaabla aatbada af prop* 
aratlon of tha atartiac aatariala. 

The aajority of tha kaaim aathoda af ayatbaaia af tbia-arfaaapbaaphorua 
eoapouada ara aaialy baaad aa tba eblarida dariwatiuaa af pbaapharua. 

Tha lattar ara aftaa iaeaaaaaiaat ia haadliag aad dariac tba work with 
thaa it ia aaoaaaary aa a rala ta coaduct aut af tha aaaa af t 1 >a raaetioa, 
by aoaa aaaaa»tba hydracaa ablarida ubiek faraa ia tb# raaatiaa. 

Thia-orfaaaphaapharaa aaapaaada eaa ba praparad alaa fraa tba aulfidaa 
of phoaphorua. Balfidaa ara abaap, aiapla ia baadlU« aad tbair prod- 
uction ia wall ia baad. Tbarafara wa atappad with tba aulfidaa af phoa- 
phorua aa tha iaitial atartiaff baaa for tha ayatbaaaa af tbiaaarfaaophoa- 
phorua eeapauada* 

Back ia 1950 ua axplarad tba raaetiaaa af pbaapharua aulfidaa ^ 4 * 5 # 
P^ 8 ^ aad uitb alcabala (S) 

tftl (RO) P(8)R t (R0).P(8)8R 

'4*5 

F^8y 4®" ♦ (R0),P(8)8R ♦ (RO)2P(8)« 

It had baaa aatabliabad that lauar aulfidaa af phaapharua P^fj aad P^d^ 

react with alcahala foraiaf dialkyl tbiaphaaphitaa aad trialkyl dithio- 
phoaphataa. Tha phaapharua aulfida P^ 8 y faraa ia Ua raaatiaa a aiatura 
of three aubataaeaa ubieh aay ba aaparatad ia a uaMl fractioaal diat- 
lllatioa iata dialkyl thiaphaapbitaa, dialkyl ditbiapbaapbataa and tri- 
alkyl dithiaphoapbataa. Tba aaly axcaptiaa ia tba raaatiaa af thia 
aulfida with aathyl aleahal aa tha raault af which thara ara faruad but 
two eoaipauadat diaatbyl thiaphoaphita aad triaatbyl ditbiapbaaphata. 
km to tho •ockottl** of thm oooctlo* of tho lotior oolfl4oo of j^oophoruo 
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with alcohol*, thlo oppoara to bo a ooaploa OM. »a OBaalao4 tha roaetlon 
of tho auiriOo f.tj olth athpl alcohol i alaap with tho throo proOucta 
indicated abooo, thoro aro alao foiwod hrdrocoa aalfldo, phoaphiao and 
phoaphorua. It ia oorp prahahlo that all thaaa proAMta fora aa tho roault 
of oot a ala«la raaatlaa hat of aoToral lAleh raa U parallol. tho hpdr- 
Olyala of f.», la ilatlaplp aoaplas la Ita aaaraa. 

.0 (4) tha pr.Tla.alr iMa. (S) pra4.ata of tha roaetlon 

of phoaphopaa 4aaaaa l fl4a with aleahalai 

O nop « 4 («•>,»(•)•■ ♦ Mi,*. 

In thla «ar thara aara 4oTalapa4 tho praparatloalr aooaaalhlo aothod. 
of aynthoal. atartlap alth phoaphara. aalfl«aa of Ualkpl thlaphoaphltoa, 
d.rl».tlT.> of tplToW pkoaphoraa ahloh aara aktalaaP la thla aork for 
tho flrat ^ao, dlalkpl 41 thlaphoaphatoa aa4 trlallqrl 41 thlaphaaphatoa. 
Horo aoro propara4 for tha flrat tlao la para atata t^ fraa 41aUrl 
dithiopli«»pli«t«s* 

Th« oMstMta •t ■ a «>aaB4a 9ra»ara4 hf mm In tfca«a tkaaa claaaaa 
of aabataaco. aora aa.4 hr aa f«- tho oalaalatla. of ataal. rofractloa. 
of «.lf.r ho..4 ta tha phaaphataa 1. tho tUaaa tha tMal. trpo of 
llakaco (4,7). tho haaalallia af tha ataala rafraaUaa af aalfar aaa 
latar of oa.al4.rahU halp 1> **• •» af pr.4.t.«1..4 

•truotaraa* 

thmm Uraa alaaM af tm — tlai firaa a%Jaata iaaM4 far 
iBaoctiei4al aetiaa* Ml U a aiiai a«t ta ta aaakiy taata ta iaaaata. Thalr 
«a alth all aa t aaiaa at atjaata, «»ra r«i aa a 4 alt afaaiaaaa af 
lurvffaatar takaa fra* tlw al4a af lilkaraatiaa, aai aa tta aaai af cltma 
plaata - ita Nariaa flaar aat*. Xa tta agrata. af aa^aalatara aaa4 la 
th« praaaat rapart (tatla l) aaa plaa aaaaa ttat t5-l44^ af 4aa4 and 
paraly.ad iaaacta aara ataaraa4 aftar tha aatiaa af tha aa-pa^O taka, 
in concantratlaa af 0.1^ ar graatar. Twa plaaaa earrappaad ta tha ai.iatw 
lethal eonca.tratiaa af 0.1^, thraa plaaaa - 0.0$^, ate. aa aheaa la 
the tabla. Tha raaalta af taata af tha flrat thraa graapa af eoaipaaiid. 

are ehown 1. tablaa tp 3 **4 4* 

A. can ba aaaa, 41alkyl Ulaphaaphltaa. 4lalltyl 4 ithlaphaaphataa a»4 
trielkyl dlthiaphaaphataa aara paarly affaatlaa aahataaeaa. fraa tha 
dlelkyl dithlaphaaphhtaa aa prapara4 aa4 taata4 thalr pataaalaa aad 
nickel aalta. Thaaa aara alaa paar laaaatlel4aa. If aaa caaparaa thaaa 
three claaaaa af tha aaat affactlra af tha* ara dlalkyl thla- 

pheaphltaa, darlratlraa af trlrala.t phaaphanta* 
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nbi« 1. 

InMctleidal aetiM mf ar g — flioapliTaa aiapa — ia %m iaaaata (fS-IOO^ kill)^ 

^ I 


Caaeaatratiaa» % 

lotati 

0.3 

4 

oa 

44 

0.05 

444 

0.005 

4444 

0.0005 



TabU 1 

Conataata aad laMeticidbX Mtlaa #9 taatad praparatiMia 


Ro. 

* 

Praparatioa faraala 

|.rt. 

p Za aa. 


Acti< 

1 

N-1 

(NaO)2Ptt 

51-3/17 1.47M 

1*1191 

■ 4 

2 

M-4 

(ltO)2PI8 

07-1/11 1*4597 

l.OllI 

4 

3 

M-7 

(Pr0)2fW 

01-3/3 1.45I1 

1*0190 

.- 

4 

11-9 

(iaa-PrOljfM 

49-50/3 1.4541 

1*0135 

4 

5 

11-13 

(ia0)2plS 

•9-90/4 1*4513 

•W9f74 

- 

6 

M-15 

(Cl2iCMCl20)2Plt 

77-1/0 1.4911 

l*0t94 

4 


Tha work oa tba Sfatbaais af iaaaetiaidaa prapar waa bagaa with tha 
prapartlaa af tba aiaplaat darlTatiaaa af ditbiapbaapkaria acid. Thara 
wara praparad diaulfidaa af tba faaaral faraala (tO)2f(9)MA, idtara A 
aay ba tha aiaplaat alkyl radiaal ar a raaidaa af ditbiapbaapbaric acid. 
Tha foraar wara praparad by tha raaotiaa af aalta af dialkyl dithbaphoa- 
phataa with aulfaayl eblaridaa (4) (tbia atady waa parfarawd with tha 
participatioa by tha callabaratar af a«r labaratary I.Z.Oadyay) t 
(R0)2r(S)aN ♦ R»1C1 ♦ (EOjKS)*-!** 4 ICl 
2(kO)2P(8)M ^ If (M)2P(8)t-tF(8)(Ml)| 4 | «» 
whila tha lattar aofawia wara praparad by asidatiaa af tba aaaa aalta 
by a aolutiaa af iadiba (•)• Tba raaaltiM diaalfidaa wara taatad both 
in tha fora af aaalaiaaa aa wall aa daata. lawawar thay alaa taraad aat 
to ba rathar waak Uaaatiaidaa (tabla 5)* Tha aaapaaada aitad wara but 
waak phoaphorylatii« agaata. Thay ara wary atabla» ara hydrolyaad with 
difficulty aad ara aaffiaiaatly atabla ia raapaat ta alkaliaa. "a had to 
(o oa thua to tha aara labila aahydrida faraa* 

Aa aaeh wa aalaetad tba acyl dariratiaaa af dialkyl dithiaphaaphoric 
acida. Thoaa wara praparad ia good yialda fraa aadiaa* pataaaiaB aad load 
aalta of tha eorraapaadiag acida aad acyl halidaa (?)• 

(R0)2p(9)8N 4 R'COCX ♦ (RO) jP(8)8C0E» 4 MCI 

(RO) w^a^aw. a a(caM*i (RA).P(1)8C00E* 4 laCl. 
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Table 3 


St ^nts and inaecticidal 

action 

of the 

prepared 

subat ancea 

Trepn, Formula 

j.pt 

p in Ml 

pt • 
®C 

20 

“d 


Action 

M-3 (MeO)2PSSH 

62-3/5 

- 

1.5343 

1.2888 

- 

M-5 (Et0)2pSSH 

81-2/5 

- 

1.5070 

1.1654 

. 4 

M-8 (PrOjPSSH 

85-6/3 

- 

1.4987 

1.1040 

- 

M-11 liao-PrOjFSSH 

71-2/3 

- 

1.4918 

1.0911 

4 

M-36. (iao-BuO) jPSSH 

93/4 

- 

1.4889 

1.0558 

• 

(EtOjPSSK 

- 

194-5 

- 

- 

4 

C(Et0)2PSS)j]Pb 

- 

75-6 

- 

- 

- 

L(Me0)jPSS]jlll 

- 

124-5 

- 

- 

4 


Table 4 


Constant • and Ineecticldal action of the teated coapounda 


Nc 

, Prepn. Formula 

|. pt 

n*® 

"d 


-r 

Action 



P^mm. 







M-2 (Me0)2PS(SMe) 

101/17 

1.5292 1. 

2415 

- 


I 

M-6 (Bt0)2PS(SEt) 

115/10 

1.5013 1. 

1168 

4 


'• 

M-9 (Pr0),PS(SPr) 

115-6/3 

1.4955 1. 

0561 

- 


4 

M-12 (iao-Pr0)2pS(SPr-iao) 91-2/3 

1.4843 1. 

0351 

• 


s 

M-14 (iao-BuO)2PS(SBtt-iao)l48-9/4 

1.4859 1. 

0159 

4 



Table 5 







Constants- and insecticidal action of tested 

compounds. 



No 

. Prepn. Formula 

B.pt. M 

. pt . 

20 

”d 

djo 

Action 

1 

M-44 (Et0)2PSjMe 

101-2/3 

- 

1. 5500 

1.2142 


4 

2 

M-48 (Bt0)2pS3Bt 

106-7/3 

mm 

1.5431 

1.1810 


4 

3 

M-49 (BtO)2P8jBu 

139-40/4 

- 

1.5306 

1.1246 


4 

4 

M-43 (lao-PrO)2^8jMa 

99-100/2 

- 

1.5297 

1.1471 


4 

5 

M 50 (iao-PrO)2PSjBt 

117-8/3 

- 

1.5240 

OO 

• 


4 


M-5 2 (iao-BuO) 2 P 83 Bt 

129-30/3 

- 

1.5183 

1.0866 


4 

-> 

M-16 [(Me0)2pSS]2 

51 

-2 

- 

- 


- 


M-lf [(Bt0)2PSS]2 

28 

-9 

- 

- 




M-lfe [(lao-PrO)2PSS]2 

91 

-2 

- 

- 


- 
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It !• of Interest to note that the ecetyl derlTatlvee ere obtainrcj 
equal success frosi the potsssiua end sodlua, ss well as lead salts 
of dialkyl dlthiophosphoric sclds. The bensoyl deriwatire aay be prepared 
or 1 y fro* the lead salt* In turn the carbonate derlTatires could be 
M »ined only fro* the salts of the alkali aetals. As it is evident from 
; i»,le the acyl derivatives prepared by us turned out to, be nore 
•i.»Ttive poisons, but still left nuch to bo desired* 

tven sore active phosphorylat in^T agents should be the oxygen analo^^e 
( f the above cited acyl derivatives. These are constructed like the 
•if ove compounds but contain one less atom of sulfur than the correspon- 
ding 'derivatives of dialkyl dlthiophosphoric acids: 

^R0)2p(S)0Acyl (RO) 2P(0)SAcyl 

»io»-.*vcr, the chemistry of these compounds is but poorly explored. The 
synthesis of acyl derivatives from the salts of dialkyl thiophosphorlc 
irids required special work on clarification of the reactivity of those. 
The results of this work may be expressed by the following scheme: 


(RO)2P(S)OM 


-e (R0)2f(0)SR 

(R0)2P(S)0C0R' 

(RO)jP(0)SCOOR' 

Tbble 6 


Cor. Slants and effectiveness of action of acyl derivatives 


N Os 

Pr epn 

. Formula 

B. pt* 

®D 

-r 

Action 

i 

M-25 

(EtOjPSjCOMe 

98/2 

1.5154 

1.1898 


- 

M-26 

(iao-PrO) jPSjCOMe 

100-1/3 

1.4979 

1.1177 

- 

\ 

M-j8 

(iso>BuO)2PS2COM* 

125-6/3 

1.4929 

1.0793 

- 

X 

M -30 

(iso-Pr0)2PS2C0Ph 

m.5I»2 

- 

- 

* 


M- 2"’ 

(Et0)2PS2C02Me 

105-6/4 

1.5063 

1.2171 

4 

t 

M-20 

(Et0)2PS2C02Bt 

115/4 

1,5001 

1.1891 

4 

> 

M-30 

(EtO)2PS2C02pr 

125/6 

1*4981 

1.1620 

4 


M 34 

(Bt0)2PS2C02Bu 

162-3/6 

1*4889 

1.1281 

- 


M-31 

(Et0)2pS2C02Am 

137-8/4 

1.4925 

1*1179 

- 

i 0 

M-32 

(i*o-Pr0)2PS2C02Bt 

109/3 

1.4894 

1.1301 

- 

*. JL 

M-3 3 

(iso-Pr0)2PS2C02Am 

138/3 

1.4841 

1.0773 

• 


During the study of the reactions of alkylation and acylation of the 
sodium, potassium and silver salts of dialkyl monothiophosphoric acid we 
establilhed the dual character of reaction of these salts* In the reaclli* 
of alkyl halides (8) the alkylation occurieed at the sulfur atom (see the 
reaction scheme ), while in acetylation -at the oxygen atom (9). The 
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By rnemnm of tho lafrarod spectra we established the structure of the 
dikali and the sllrer salts of dialkjrl aonothlophosphoric acids. For the 
.ilk all salts we confinaed the data of Cere who had found that they h»vi» 
th** thiono structure. The spectra of the silwer salts were datereined 
Lv as for the first ties. These speak of the thiolo structure of the 
salt with stronc association of the aolecules] 

0 AsS 

l-A,.. 

The data concerning the structure of the salts in the absence of 
their tautonerisn which is apparently inprobable in this case speak of 
the, fact that their reactions of alkylation and acylation nay proceed 
•tth or without the transfer of the reactire center. This study was nade 
in connection with work in the area of tautonerlsn and reactirity of 
ortf anophosphorus conpounda and is described in nore detail in the report 
hy M. I Kabachnik • 

Tests of the acyl deriratives of thiolophosphoric acid showed that 
Lhene are weak insecticides. Sinilarly poorly effectire turned out to 
be sone of the alkyl deriratires (table ?>. Stronf insecticidal properties 
are had in the carbonate derlyativesC their ef fectireness is such that 
ley cause a 95-lOOH kill of the flour worn after use in tho concentration 
o; 0.05>C or greater (table 7» substances 6-7)* 

Wr also prepared nixed alkyl phosphoric disulfides fron the corres- 
p; idi-\g sod.^un salts of dialkyl nonothlophoaphoric acid! 

,R0)2ptS)01fa 4 R'SCl - (»0) jP(0)S-8R* 4 MaCl. 

^ .c. sulfehyl chlorides (8), The thus obtained derlTStiyes showed high 
M XI city to tho Bprygaster insect, especially substance M-51. For us 
this was a certain degree of success, although substance M-51 is less 

accixo than Tiofos in Its contact action. 

Thus, it seened that nonothlophoaphoric deriyatiyes giye nore chance*, 
for success in finding practically intereating subatances. However, we 
did not consider it rational to develop this area insofar as it is bemc 

studied in nany other laboratories. 

A further study was directed along two naln pathat l) preparation 
of derivatives of the sinplest alky l-thlophosphonic acids and 2) the 
synthesis of trialkyl dlthiophosphates containing definite substituents 
tn predominantly th® B^poaitlona# 

Alkyl-thiophosphonic deriyatiyes nay, judging fron literature data, 

(e more powerful inhibitors of cholinesterase than the corresponding 
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thiophosphoric deriTttlr**, 

Among the deriratlTee of alkyl-thlophoophonlc acids we studied the 
d. ilkyl eaters of alkylthiblophoaphonlc and alkjlthionophosphonic adds 
viO), These substances were prepared by the action of alkyl halides on 
di alkyl thiophosphite sodittB salt. For preparation of the thiolo deri v- 
ativea, the thlono fonas wore isoaierised by heating in a sealed tube in 
the presence of alkyl halides, according to Pishchlauka nethod. The 
thiolo derivatives were also prepared fro« the appropriate halides of 
a 1 k y 1 phosphonic acid and alsohol or nercaptan, as well as by alkylation 
of the alkali salts ef esters of alkylthionophosphonic acids (this work 
was carried out with participation of the degree aspirant M, I, Kurochkin 
and E. d.Kugucheva)* 


**4*6 ^ (R0)jP(8)H 


i®** (R0),rsi. »*r(s)(o«). 

* f * 


RSH 

R’POCl, -► 

ROM 


R'P(S)(0R)j 
R'Br ^ 
R'P(0>(8R)0R 

RBr ^ 

R'P(S)(0R)0Na 


R'PBCl, ♦ ROH 
H20 * 

t R'P(8)(0R)0H 



• Table f 

Constants and insecticidal action of the tested coapounds. 


No. 

Prepn. 

Fomuls 

B. pt • 

n*® 

"0 

-r 

Action 

T 

K-2 

«ePS(0Bt)2 

76-8/13 

1.4610 

1.0553 

♦ 

2 

K-19 . 

BtPS(0Me)(0Bt) 

74-5/10 1.4665 

1.0647 

- 

3 

M-21 

BtPS(0Bt)j 

80-3/10 

1.4576 

1.0324 

• 

4 

K-3 

PrPSCOBt), 

64-6/2 

1.4596 

1.0158 

- 

5 

K-4 

BuP8(0Bt)2 

74-7/2 

1.4600 

1.0004 

• 

6 

<-5 

PhCHjPSCOBt)^ 

123-6/2 

1.5305 

1.1031 

♦ 

7 

4 

K-10 

MnP8(0Bu)2 

72-4/1 

1.4535 

0.9843 

- 

% 

K-11 

BtPSlOBu)^ 

80-3/2 

1.4533 

0.9775 

- 


K-22 

itPS(0Bt)(0C0Me) 

68-9/1. 

5 1.4701 

1.1232 

4 


The first representatives of this group of substances were prepared 
hy its back in 1950iN-24). The thlono and the thiolo esters (tables 8-9) 
differ considerably in the insecticidal properties. While the thlono 
•Stera, as should be expected, were only rather weak insecticides, the 
*hi )lo derivatives turned out to be quite effective. Thus, substances 
M-24> K-6 and K-9 were quite close to Tiofos, 
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By thi* path w* first rssciMd •ffsctiv* Insscticidss which along 
i^ith th<% contact action also posaosaod tho syntonic action. However, 
nane of the conpounds posssSsod propertiss superior to tho known 
inaecticldea in use now. 

Somewhat different considorations lay in tho foundation of tho second 
path. I remind you that disulfide derivatives turned out to be too stable 
while tho acyl derivatives, conversely, were too labile in order to make 
good Insecticides. We stopped on the trialkyl dithiophosphates which 
carry substituents in the alkyl group connected with sulfur, especially 
in the ^-position. We expected of these derivatives the optimum phos- 
phorylati^ ability; Hsturally only the experimental method could be used 
to prove this expectation. 

Thus, by the reaction of ethyleno dkide with dialkyl dithiophosphates 
we ( together with the degree aspirant at Y.M.I.I.V V.H.Odnoralova) 
prepared 0-hydroxy derivatives 


(ROjPSCSCHjCHjOH) 

dHj-CHj-l 


PCI. 


(R0)2PS(8CN2CR2CI) 


(R0)jP(S)5M 


i Li 2 -J 

(RO)jP(S)SCH2CMjMH2 


and from these we prepared 0-acetoxy and 0-chloro derivatives (11). We 
also prepared 0-aminoethyl dithiophosphste, previously prepared in 
v.i.z.R. in the A.I.Knlikev's laboratory. There were prepared other 
g -amino esters, as well as their derivatives. If one compares the activ- 
ity effectiveness of compounds shown in table 10 it is easy to see that 
the introduction of substituents in the 0-position increases the insect l- 

I 

cidal properties in this series apparently along with the electronegat 1 • 
ity of the substituents. The most active was the chloro derivative 
which had been prepared by Schrader (12). 

The next step should be the synthesis of sulfur analogs 


(RO)2P(S)SCHjCH2SR‘ 

especially since at that time there had appeared the patent of Schrader 
(13) on Systox, which is a 0-substituted derivative of monothiophosphori ' j 
acid. At first it was proposed to use for the synthesis of 0-alkylmer- 
capto substituted compounds the reaction of addition of dialkyl dlthio ^ 
phosphates to vinyl thio ethers (this work was carried out in collabor- | 
atiOM with eoworkers of Institute of Organic Chemistry M, F. Shoetakovsk i . ) 
t , S . 1 r . ’ r 7 haeva and N, N. Uvarova ) , 
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T«bl« 9 

Constanta and insectieldsl action of the eoaipounde tested 


No* 

Prepn. 

Fonaula 

B* pt • 

20 

“d 


Action 


K-Q 

MeP0(Set)(0Bt) 

IO 6 - 8 /I 8 

1.4718 

1.0904 



Ku*l 

MeP0(SBt)(OPr) 

71-2/3 

1.4510 

1.0356 

4 

3 

Ku-3 

MeP0(SBt)(0Pr-iso) 

60-2/1 

1.4749 

1.0555 

44 

4 

Ku-l 

MeP0(SBt)(0Bu-iso) 

69-70/1 

1.4666 

1.0222 

44 

5 

K-23 

MePO(SCH20Me)(0Bt) 

117-20/2 

1.4778 

1.1538 

4(4) 

t 

K-18 

EtP0(SMe)(0Bt) 

93/9 

1.4790 

1.1058 

4(4) 

/ 

M»>24 

EtP0(SEt)(0Bt) 

66-8/2.5 

1.4747 

1.0670 

444 

S 

K- 12 ' 

EtP0(SBu)(08u) 

92-4/2 

1.4660 

•.9951 

- 

Q 

K-6 

PrP0(SBt)(0Bt) 

85-6/3 

1.4733 

1.0447 

44 

1C 

K-7 

BuP0(0Et)(SBt) 

98-100/3 

1.4728 

1.0262 

4 

11 

lC-8 

PhCH2P0(SEt)(0it) 

134-6/2 

1.5350 

1.1263 

4 


Table 10 

Constanta and iaeecticidal action of the coapounda tested 


No. 

Prepn 

. Fornula 'B.pt. 

at 2 nil. 

n*® 

"d 

-r 

Action 

1 

1 

0 

X 

(MeO)jP 8 jCjH^OH 

1.5380 

1.2911 

4 

2 

MO-1 

(Et0)2PSjCjH^0H 119-20 

1.5250 

1.2042 

4 

1 

MO- 2 

(PrO)2PS^CjH^OH 124-6 

1.5140 

1.1440 

4 

4 

MO-4 

(iso-Pr0)jPS2CjH^0H 118-9 

1.5083 

1.1323 

- 

r 

*) 

MO- 3 

(iso-BuO)jPSjCjH^OH 135-8 

1.5045 

1.0965 

4 

0 

MO-6 

(BtO)jPSjCjH^OAc 135-6 

1.5010 

1.1845 

44 

■w 

MO- 7 

(iso-BuO)jPSjCjH^OAc 140-1/1 

1.4890 

1.0948' 

4 

8 

MO- 9 

(BtO)jPSjCjH^Cl 103-4 

1.5230 

1.2270 

444 

9 

MO-1 4 

(£t0)jPSjCjH^MHj 

1.5287 

- 

• 

10 

MO- 19 

(PrO)jPSjCjH^MHj 

1.5130 

1.1099 

- 

11 

MO-21 

(lso-BuO)jPSjCjH^*Mj - 

1.5065 

1.0705 

- 

12 

MO - 18 

(BtO)jPSjCjH^IIHj n.p. 102-3 
(picrate) 

• 

• 

** 


However it appeared that under the usual conditions there are not forned 
BaSShna the hn# the a-derivativea, the structure of the addition prod 
ducts being detenained by a known synthesis froai a-chlorodiethyl sulfide 
as shown in the following scheae, and by other neans (14)* 

♦ CHjO, »8II->(»0 )jP(S)SCH 2«' ClCHjM* 

♦ KOH — > "■ — — ^^^(80)jP(S)8K 

♦ CH2-CHSR'^(llO)jP(S)SCHMeSll' ClCHMeSR* 
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12 


The subatancea praparad wara taatad on tha Buryfaatar Insacta. Thay 
turned out to be weak Insacticldea against this insect (table 11). 

The synthesis of tha first representatives of 3**lkylnarcapto subst- 
ituted trialkyl dithiophosphatea was achiavad by us in 1953 in good yield 
<f about starting with sodiua or potassiuai salts of dialkyl dithio- 

phosphoric acids and ^-chloroalkyl sulfides i 


IROljPSSH 


F S 

1/4*10 

.4p0« 


♦ ROM 


ICH^^CKSR 


\ j/' 


(10)jP(S)SMa 


CIC.H.SR* 
2 4 


(RO)2p(S)8CH2CH2SR' 


The latter ware prepared In tha baginniag of tha stndy by tha reaction of 
hydroi^en chloride with products of addition Of aarcaptana and vinyl ethers 
The substances proved to ba highly affactlva insactieidas with contact- 
svstemic action, axcaading by nany orders ths elating organophosphorus 
cheaical poisons (table 12)« Therefore in the course of the following 
study we found a new and better aethod of synthesis, based on ethylene 
oxide, ethyl sereaptan and dialkyl dithiophosphoric acid* 

Table 11 

Constants and insecticidal properties of the coaipounds tested 


No. 

Prepn 

Porlsula B.pt* 

20 

"d 


Action 

1 

M-65 

(EtOjPSjCKMaSti 109>10/3 

1.5290 

1.1392 

4 

2 

M-54 

(BtO)2pS2CKMa8R« 109>10/2 

1.5198 

1.0965 

4 

3 

M-59 

(BtOjPSjCHMeaCjH^OBu 123-S/3 

1.5125 

1.0940 

4 

4 

1 

X 

(iso^MuOjFSjCHNsUt 113-5/2 

1.5070 

1.0556 

4 

5 

M-55 

(iso-MttO)2pt2^HNaSMtt 121-2/2 

1.5070 

1.0384 

4 

6 

M-S3 

(1so-Bu0)2PS2^**^*^2"4^*'‘ 124-6/3 

1.5012 

1.0422 

4 

7 

M.86 

(8tO)2FS2CH2SFr 145-6/4 

1.5270 

1.1308 

- 

8 

M-87 

(BtO)2rS2CH2SFp-isa 133-4/4 

1.5210 

1.1312 

- 



Table 12. 




1 

M-82 

(MaO)2PS2^2”l^ 71-1.5/0.004 1.55«0 

1.2493 

♦e-M-f 

2 

M-81 

(llaO)2P«2^2"4**^ 91-2/0,003 

1.5598 

1.2065 

-M-M- 

3 

M.80 

(BtO) 2 F 82 C 2 N^ 8 Na 127-8/2 

1.5405 

1.1699 


4 

M-74 

(BtO) 2 F 82 CjH^ 8 Bt 129-30/2 

1.5350 

1.1445 

♦aeee 

5 

M^8$ 

(BtO)2FS2C2H^SPr 143-4/2 

1.5275 

1.1260 

444 

6 

M-77 

(BtO)2M2C2H^81u 150/1 

1.5255 

1.1040 

44 

7 

1 

X 

(iso-Fr0)2M2®2"4**^ 134-5/3 


1.0887 

44 

8 

M-76 

(iso-Fr0)2F82C2R48B« 148-9/4 

1.5186 

1.0622 

4 

9 

M .58 

(Bt0)2rS2C2H^8C2M40Bu 188/3 

1.5160 

1.1050 

444 

10 

M,^78 

(iso-FrO) 2 F 82 C 2 H 48 C 2 " 4 ^'^'* 172-3/2 

1.5090 

1.0967 

4 
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E.N,PrllezhaeTa also roall8o4 tho addition of dl alkyl dithioyhosphatea 
to thlovinyl othora contrary to tho MarkornlkoT rulo in tho presonce of 
laopropylbonsono hydroporosldo. Koro thoro woro fonaod |•sabstltatod tri-> 
alkyl dithlophosphatos in 50-60J1 yields. 

Testa of proportlos of eoapounds of this typo woro conducted 

mainly with the speclnen M-74. These tests were run on various plant 
cultures with sevoral specios of Insects. Substance ><•74 turned out to he 
a hlKhly effective poison against the red apple ad.to» and at concentration 
of 0 . 05 ^ protected tho apple trees for up to a nonth and a half. Mo74 
reuained effective up to two aonths a(ainst thS Totranyehua nits on rosea. 
At this concentration substaneo N>74 vas offoetivo up to throe weeks 
ainrainst the green plua aphid. The duration of action of tho substance In 
many experiaents was creator than for Morkaptofoa on tho ssao objects. 

Especially proalaing is tho proasoodlnc troataOnt of auaaor wheat ci**lna. 
^eeds treated with t% solution of the M-74 eoneontrato ( with 30$ content 
of the active substance) yield* sprouts which are poisonous to Burycaster 
for 2-3 weeks (100$ kill). The nora of consuaption of tho substance is 
120-150 craaia of the active principle of M-74 per hectare of the field 
which fact shows the highly econoaic feature of M-74* 

Interesting data, requiring further testa, were obtained in control of 
prats of sugar beet» corn, etc. 

Not less interesting are substances M- 8 I and M-82. Their study was ran 
a vualler scale than that of M-74« These are also contaet-systoaic insec- 
ticides. In effectiveness they are very close to M-74* However these 
ompounds are weakly toxic to wara-bloodod aniaals in coaparison with 

iptufos or M-74. On intravenous application to rabbits they are alnost 
tines less toxic than Tiofos. Thus, as the result of the study we 
d in finding a group of insecticides - 8-alkylaercaptoethyl esters 
'kyl dithiophosphoric acid, which have high insecticidal and 
tivity with contact and systead.e actioa. 

Be ferencos. 
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.4. M.I.Kabachnik et el. Zsveet . Aked.Neuk, Otdel.Khla. Veiak 1956, 443, 


Reaerks 

(l,E„Arburov Ch»*ra. Inst „ Kazan Section, Academy of 


T A Mastryulcova illustrated well the meanin/ET of synthe;, 
*>I'Aoru6 insecticides on the basis of phosphorus sulfide e. 
-e is very cheap and in addition has fi:reat possibilit:* f 

u; orKo synthesis, 

' n,j(ie, in the area of thiophosphoric ooapounds aro onl% 

* ho se studies, 

't'j'c. lev (Brain Institute, Acad, Med. Sciences USSR) 

> -eports the speakers already have touched upon the , 

Ion of active centers of enzyaee. At this time the 
:.i this area. The results given by T. A.Mastryukov a just ; f 
. th of development of the previous study of the action . 

. - : ■ rasic eubetance*. For the reaction of insecticides v tr. 
the phosphorylation reaction must proceed. For clari 
.1 as to which functional groups in the molecule of n-l: ■ 
f'f osphorylated, modern means of stmdy were used (chroai " ; 

1 - ctive phosphorus) by means of which it was possible t. 
phosphoric acid in yield of 40lC, This is a proof t t 
or cholinesterase the hydroxyl group is phosphorylated,, 1 .* 
s'r.ne as such, its hydroxyl group does not react with o;.; - 

osectlcides. It is necessary to say that all these stioi os 
■ve’opment Stage, 


• . ..K jgin (Kiev Institute for Labor Hygiene and Ot -up, :.:e. 

Mazar and Bodansky it is known that the mechanism , , 

' t *'ue and pseudo cholinesterases differs, Ther^'l-ora 

•e*tl tfu- ^ic'ount of action of the insecticide on pseudo and - 
rholinesterases. In addition it is desirable to show in the table - 
ratio of action of the compounds on warm blooded animals and on : * 

This ratio would bo of mmro UM than insecticidal action alone. 

H.Z.Nol 'nikov (Fortilisor end Insectofungicide Res.I.ist . 

uftor Tu.V. Samoilov, Moscow) 

\ I ha VO no comfidonea in tlia fact that biologists consider th. • 
•aaticida acta only on eholimmmtmraaa. It seems to me that th'' 
cannot be solved in aueh aiaflaovalmod manner. There are suh . 
inhibil chollnestaraao and at tha aaoM time are not insecti 
euample\auch la the aorlas of <|uatomary ammonium bases, .boi. 
of ayner^am raised by A.B.Arbmsovt additi on of small amounts i 
subatancoa.sometiaas aid the •lavatlon of toxicity by 2-3 fold, 
true of ODT x«nd othor innaotieidaa. At this time the study of s . 
turea is being carriod out vary oxtanalvely. 

V.A.Yakovlav (Brain Zni^itute, Academy of ^^^d, Science s I 
The problem of antagonlaa and aynargiam of organophosphorua insecti- 
ridea is not being worked on sufficiently. One should request the Biolof 
Institute of the Academy of Bclomcaa USSR to occupy itself with this pre 
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